The intracellular protease extracted from the freeze-dried mycelia obtained after the growth of Mucor pusillus at 30°C in corn steep liquor medium was chromatographed on DEAE-A50. Some characteristics of the protease fractions obtained after ion-exchange chromatography were determined and compared with those of the extracellular proteases reported previously. The mycelia were found to contain two acid proteases and an alkaline protease. The ratio of milk clotting to protease activity of one acid protease was greater than that of the other. The electrophoretic pattern of the alkaline protease fraction suggested that it was not a single species, but a mixture of proteolytic enzymes.
The intracellular protease extracted from the freeze-dried mycelia obtained after the growth of Mucor pusillus at 30°C in corn steep liquor medium was chromatographed on DEAE-A50. Some characteristics of the protease fractions obtained after ion-exchange chromatography were determined and compared with those of the extracellular proteases reported previously. The mycelia were found to contain two acid proteases and an alkaline protease. The ratio of milk clotting to protease activity of one acid protease was greater than that of the other. The electrophoretic pattern of the alkaline protease fraction suggested that it was not a single species, but a mixture of proteolytic enzymes.
The acid protease of Mucor pusillus is being extensively used as a milk coagulant in the cheese industry. That is why the enzymatic composition of the extracellular environments and of the cells of this organism are under investigation. Two extracellular acid proteases, one with significant rennin action and other lacking it, have been reported in the cultures of M. pusillus (4) . It has been recently suggested that the mycelia obtained after the growth of the organism in corn steep liquor medium contain both acid and alkaline proteases (5) . The acid proteases have been shown to hydrolyze casein at pH 6.2 as well as hemoglobin at pH 3.6, whereas the alkaline protease hydrolyzes only casein at pH 6.2. This work has been extended by carrying out the partial purification of the soluble intracellular proteases. Some characteristics of the intracellular proteases have been determined and compared with those of the extracellular proteases of this organism reported before (4).
MATERIALS AND METHODS
Mycelial sample. The freeze-dried mycelia obtained after the growth of M. pusillus strain 57,407 at 30°C in 10 2-liter Erlenmeyer flasks (each containing 1 liter of medium) and preserved desiccated at -16°C, were processed for protease extraction and purification (4) .
Extraction of protease from mycelia. Samples (5 g) of freeze-dried mycelia were broken in a Braun homogenizer by shaking 500-mg portions in each Braun bottle containing 50 g of glass beads (0.25 to 0.50 mm diameter) and 40 ml of chilled buffer, pH 10.0 (3), for 60 to 70 s. The crushed cell suspension was decanted off and centrifuged at 15,000 x g for 40 min to clarify the enzyme extract. Ion-exchange chromatography. The ion-exchange chromatography of the dialyzed sample was carried out on DEAE-A50 (1.5-by 30-cm column) by the method of Khan and co-workers (4) by using 0.01 M Tris-hydrochloride buffer as the eluant and then applying a 0 to 1.0 M NaCl gradient; 4.25-ml fractions were collected. Every fourth sample was primarily assayed for milk clotting activity and for protease activity toward hemoglobin at pH 3.6. The fractions found inactive toward hemoglobin at pH 3.6 were assayed for protease activity toward casein at pH 6.2. The protein at different stages of purification was determined by the method of Lowry et al. (6) .
Assay of enzyme activity. The assay of the protease activity of the mycelial extract and that of pooled protease fractions were carried out by the method of McDonald and Chen (7), whereas that of 4.25-ml fractions toward hemoglobin substrate was carried out by the method of Anson (1) . The assay of the first 80 fractions toward casein substrate was also carried out by the method of McDonald and Chen (7). The assay of milk clotting activity was carried out by the modified method of Berridge (2) . The units of protease and milk clotting activities were the same as those defined earlier for the extracellular proteases (4).
Characterization of different protease fractions. Different characteristics of the isolated fractions such as the pH and temperature profiles, pH and temperature stabilities, etc., were determined by the methods of Somkuti and Babel (8, 9) . The pH and the temperature profiles of the acid protease fractions were studied with a hemoglobin substrate, whereas those of alkaline protease were studied with a casein substrate. The pH stability was determined for a period of 5 h at 30°C, thermal stability was determined for a period of 15 min, and the pH optimum was determined for a 1-h reaction period. The variation of the protease activity of acid protease fractions with temperature was stud-ied at pH 3.6, whereas that of the alkaline protease fractions was studied at pH 6.2.
Electrophoresis of protease fractions. The electrophoresis of the isolated protease fractions was carried out at pH 7.5 and 4.3. The electrophoresis at pH 7.5 (anionic gels) and the development of the activity bands were carried out by the method of Khan and coworkers (4) . The electrophoresis at pH 4.3 (cation gels) was carried out by the same method, but with certain modifications. Here, the pH of the gel buffer was 4.3 and the electrode vessel contained ,-alanine and acetic acid buffer, pH 4.5. The sample buffer was the same as that used for the anionic gels.
RESULTS
The ion-exchange chromatographic pattern of the proteases of mycelia on DEAE-A50 at pH 8.0 obtained after plotting the milk clotting activity and the protease activity of the samples toward hemoglobin at pH 3.6 is shown in Fig. 1 . The progress of purification is shown in Table 1 . Two protease activity peaks, C and D, and two corresponding milk clotting activity peaks were obtained. There was also a third milk clotting activity peak with no corresponding protease activity peak in the elution diagram. Thus every fourth sample out of the first 80 fractions was assayed for protease activity toward casein at pH 6.2. Another protease activity peak, E, corresponding to the third milk clotting activity peak was obtained (Fig. 2) .
Certain characteristics of the intracellular protease fractions are shown in Table 2 . The temperature optimum of the protease fraction C was 45°C, whereas that of D was 40°C. Two temperature optima, 45 and 60°C, were obtained in the temperature profile of fraction E. Fraction C was stable up to 50°C, and fraction D was stable up to 40°C. There was a sudden drop in the activities of these fractions when they were subjected to temperature shock above 50 (4) . Their absolute separation has not been accomplished by ion-exchange chromatography. Figure 1 indicates that the ratio of milk clotting to protease activity of the fraction C is much greater than that of the fraction D. Thus the protease having rennet action is the major component of fraction C, whereas that lacking rennet action is the major component of fraction D. Figure 1 also shows that the acid protease lacking rennet action is the major component of mycelia, whereas that having rennet action occurs in the cells in small quantities. The protease having rennet action is mostly secreted into the medium, where the situation is exactly opposite. Here the acid protease having rennet action is the major component, whereas that lacking rennet action is the minor component (4) .
